The Diurnal Variation of Epidermal Metabolism  by Harris, Richard R. & Mackenzie, Ian C.
0022-202X/82/7905-0283$02.00/0 
TH E JOUnNAL O F INV ESTIGATIV E D~;nMATOLOGY, 79:283-285, 1982 
Copyrighl © 1982 by The Williams & Wilkins Co. 
Vol. 79, No.5 
Printed in U.S.A. 
The Diurnal Variation of Epidermal Metabolism 
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Dows Institute for Dental Research, College of Dentistry, The University of Iowa, Iowa. City, Iowa, U.S.A. 
In previous studies, the rates of epidermal glycolysis 
and amino acid incorporation were found to parallel 
rates of mitosis in both the hypoplasia associated with 
starvation and the hyperplasia produced by treatment 
with hexadecane. To examine whether similar changes 
in epidermal metabolism accompany the known diurnal 
variation in e pidermal mitotic activity, the rates of gly-
colysis and incorporation of amino acids in epidermal 
sheets from skin sampled at various times during a 24-
hr period were assayed. These activities were found to 
parallel the diurnal variation of mitosis demonstrated 
by metaphase counts. Diurnal variation of metabolism 
in the suprabasal layers was investigated by examining 
the relative rates of incorporation of histidine and leu-
cine: it was found that histidine showed a broader peak 
of activity than that seen for the other measured activi-
ties. When epidermal samples were prepared from tissue 
treated with hexadecane to induce hyperplasia, an in-
crease in metabolic activity and decrease in the ampli-
tude of diurnal variation was observed. The results in-
dicate that the general metabolic activities ofthe epider-
mis follow a diurnal pattern similar to that found for 
mitosis. 
The existence of a diumal val'iation in the mitotic activity of 
the epidermis is well established [1) and has been related to 
changes in the levels of s~rum epinephrine [2) or cortisol [3). 
Rates of epidermal metabolism appear to parallel changes in 
rates of mitosis: dming the early stages of starvation a coordi-
nated reduction in mitosis, glycolysis, and amino acid incorpo-
ration is observed and the induction of mild hyperplasia is 
associated with parallel increases in the rates of these activities 
[4). Epinephrine, an agent that reduces mitotic activity (2), 
similarly reduces epidermal metabolic activity [5). 
To investigate further the relationship between changes in 
epidermal mitotic and metabolic activities, the rates of epider -
mal glycolysis and amino acid incorporation were examined 
over a 24-h1' period. To approach the question of whether there 
is diumal variation in metabolism of the supra basal strata, rates 
of incorporation of histidine and leucine were also investigated. 
MATERIALS AND METHODS 
Animals 
M ale C"H/FeJ mice 6-8 weeks old were used in this study. Mice 
were caged in groups of 5 with a light cycle of 12 h1' dmation (from 6:00 
AM to 6:00 PM) and under conditions of constant temperature a nd 
humidity. Water a nd food (Pmina mouse chow) were available ad 
libitum. 
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Animal Sampling 
Thl'ee experimental groups, two of 30 mice and one of 24, were 
examined. In the fiTst two investigations, tissue was removed for met-
a bolic as ays fTom subgroups of 5 mice at 0200, 0600, 1000, 1400, 1800, 
a nd 2200 hr. For the third investigation mice were sampled at 0200, 
0800, 1400, and 2000 hI'. 
For the measurement of a diurnal vru'iation in glycolysis, amino acid 
incorporation, and mitosis, one eru' from each mouse in the first group 
of a nimals was removed without anesthesia and used for metabolic 
assays . The mice were then injected with vinblastine sulfate (0.2 mg/ 
kg body weight) and, 4 hI' later, the animals were killed, the remaining 
eru' removed, fixed in Bouin's solu tion, brought into wax, and sectioned 
at 5 /-un for histologic examination. 
For the determination of the relative rates of incorporation of histi-
dine and leucine, the second group of animals was sampled a nd treated 
as for the fU'st group except that the metabolic assays differed as 
described below. 
To determine the effect of hyperplasia on diurnal variation, the righi 
ear of each mouse in the third group was painted with hexadecane for 
4 days to induce hyperplasia [6]. Animals were then sampled at time 
periods 6 hI' apart and one half of each eru' was removed for meaSUl'e-
ment of metabolic activity. The anima ls were then injected with vin-
blastine sulfate and 4 hI' later the remaining eru' tissue was removed 
and processed for histology. 
Mitotic Activity 
Mitotic activity was determined by examining a total of 80 fie lds (370 
ILln dia meter) from 4 sections (sepru'ated by at least 100 /Lm) of each 
specimen. Mitotic activi ty was expressed as the number of metaphase 
fIgUl'cs/ mm basement membrane length. 
Metabolic Activity 
Metabolic activity was assayed using epithelial sheets prepru'ed by 
incubating skin samples (4 mm diameter) in 1 mM EDTA in phosphate-
buffered saline for 2 hr and using methods that have been previously 
described in detail [4]. 
For glycolysis assays, the tissue was incubated in basal medium 
Eagle (BME) containing 0.1 /LCi of [5-"H]-glucose (specific activity 19 
/LCi/mmol) and 5.5 mmol glucose for 2 hr. T he reaction wa stopped by 
the addit ion of 1 N HCI. The ;JH~O produced from the enolase and 
a ldola e reactions was exchanged overnigh t at 70°C in sealed cin t illa-
t ion vials. Protein content of the samples was determined by the Lowry 
method [7]. Activity was expressed as nanomoles of glucose utilized/ 
hr/ mg protein. 
Amino acid incorporation was assessed by incubating epithelial 
sheets for 2 Ill' in BME containin g 0.5 /LCi per ml of a I·C-labeled runino 
acid mixture (New England Nuclear, protein hydrolysate). At the end 
of incubation the newly formed polypeptides were precipitated by 
adding 12.5% trichloroacetic acid (TCA) to the incubation tubes. The 
tissues were washed with 12.5% TCA and t hen dissolved in 1 N NaOH 
for radioactivity a nd protein determination. Protein content of the 
dissolved samples was determined by the Lowry [7] method and activity 
was expressed as dpm/ hr/ mg protein. To provide a meaSUl'e of specific 
patterns of epidermal protein synthesis (for the second group of ani-
mals) , the above amino acid incorporation procedw'e was undertaken 
using either 0.1 I-lCi L-["H]-histidine (New England Nuclear, specific 
activity 62 mCi/mmol) or 0.1 I-lCi L-['4C]-leucine (New England Nu-
clear, specific activity 51 mCi/mmol). 
RESULTS 
In the first group of animals, mitosis was found to vary as a 
function of time during the 24-h.J· period with maximum activity 
found between 1400 and 2200 h.J. and the lowest activity in the 
early morning (Fig 1). The metabolic parameters of glycolysis 
and amino acid incorporation each showed a similar pattern to 
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FIG 1. The diurnal variation of mitosis (.i.), glycolysis (0 ), and amino 
acid incorporation (0) in mouse ear epidermis. Metabolic and mitotic 
assays were carried out as described in the text. Values are the mean 
± S.E., n = 5. 
mitosis with the rate of glycolysis being greatest between 1400 
and 1800 hr and the rate of amino acid incorporation greatest 
at 1800 hr. The lowest rates of metabolic activity occurred at 
2200 hr for glycolysis and 0600 hr for amino acid incorporation. 
The diurnal variation observed in the second group of animals 
for the rates of histidine and leucine incorporation is shown in 
Fig 2. Leucine incorporation was greatest at 1400 and lowest at 
0600 hours. Histidine incorporation was greatest between 1000 
and 1800 hr. Maximum mitotic activity and maximum amino 
acid incorporation were observed to occur earlier in this group 
of animals, but the amplitude and pattern of diurnal variation 
in the incorporation of leucine and histidine was similar to that 
for general amino acid incorporation observed in the first group 
(Fig 1) . 
The effect of hyperplasia on the diurnal variation of epider-
mal metabolism is shown in Fig 3. The control tissue showed a 
similar pattern for both mitosis and glycolysis to that exhibited 
in Fig 1. The hexadecane-treated cars showed a 3- to 4-fold 
increase in both mitotic and glycolytic activity but a much 
dampened amplitude of diurnal variation. 
DISCUSSION 
A wide variety of organisms and tissues have been shown to 
exhibit diurnal variations in metabolic activity. In t issues not 
normally demonstrating proliferative activity, such as liver, 
enzyme activities and protein synthesis have been reported to 
vary in a diurnal manner [8-10]. Such diurnal changes in 
activities are possibly associated with serum-carried mediators. 
Diurnal variation in rates of epidermal cell proliferation have 
been clearly demonstrated [I,ll] and Bullough and Laurence 
[2] have related the epidermal diurnal cycle to varying serum 
concentrations of epinephrine. 
In previous work we have shown that when rates of mitosis 
are altered either by stress, in the form of short-term starvation, 
or by experimentally induced hyperplasia, there is a parallel 
change in the metabolic activity [4]. This suggested a possible 
relationship between rates of epidermal metabolism and the 
diurnal variation in cell proliferation; the present data indicate 
that an observed diurnal variation in epidermal mitosis is in 
fact paralleled by varying rates of amino acid incorporation and 
glycolysis. The methods used to assay amino acid incorporation 
and glycolysis examine the activity of the tissue during the 
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FIG 2. The diw'nal variation of the incorporation of leucine (6), 
histidine (0 ), and mitosis ( .... ) in mouse ear epidermis. Leucine and 
histidine incorporation and mitotic activ ity were determined as de-
scribed in the text. Values are the mean ± S.E., n = 5. 
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FIG 3. T he diumal vru'iation of glycolysis (0 ) and mitosis (6 ) in 
mouse ear epidermis treated for 4 days with hexadecane. Nontreated 
tissue is represented by the open symbols and the treated tissue is 
represented by the closed symbols. Glycolysis and mitotic activity were 
measured as described in the text. Values ru'e the mean ± S.E., n = 6. 
period 2-4 hr after removal from the animal. It was therefore 
initially uncertain whether the assays would detect any prior 
differences existing in vivo. The results obtained suggest that 
they do so. In previous work [5] we found that when epidermal 
sh eets were briefly exposed to 1 X 10- 6 M epinephrine there was 
a reduction in metabolic activity which lasted for about 6 lu, 
whereafter activity of the tissue returned toward control levels. 
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Therefore, if diumal variation in mitotic activity is related to 
systemic val'iation in substances such as epinephrine, it might 
be expected that corresponding effects on m etabolism would be 
detected dW'ing the period of assay. 
During matW'ation of keratinocytes there are changes in the 
rate and type of proteins synthesized. Incorporation of the 
amino acid histidine has been associated primarily, but not 
exclusively, with the production of specific proteins synthesized 
in the granular cells of the epidermis, and leucine has been 
shown to be predominantly incorporated in the basal layer 
[12]. Thus, the relative rates of incorporation of these two 
amino acids can be used to indicate the relative activity of basal 
and suprabasal layers [13]. The observed diurnal variation of 
the incorporation of both histidine and leucine suggests that 
both basal and suprabasal protein metabolism undergo diW'nal 
variation. Leucine more closely followed the diW'nal variation 
of mitosis than did histidine, which showed a broader peak. 
Loss of diumal variation in mitotic activity in the hyperplastic 
tissue adjacent to healing wounds has previously been reported 
[14]. Izquierdo [15] has reported retention of diumal variation 
of cell proliferation in neoplastic epithelia in the hamster cheek 
pouch but after a single application of 12-0-tetradecanoyl-phor-
bol-13-acetate (TPA), Garte and Belman [16] have shown a 
reduction of the diurnal variation of the rates of cGMP to 
cAMP levels. We have previously shown that epidermal metab-
olism is r educed by epineplll'ine and that after treatment of the 
epidermis with hexadecane there is a loss of the response to 
epinephrine but not to dibut)'l'yl cAMP [5]. Thus the observed 
loss of diurnal variation in the hexadecane-treated tissue may 
be associated with a loss of the normal epidermal response to 
substances such as epinephrine. 
In displaying the data we have assigned the assayed meta-
bolic rates to the time at which the tissue was removed from 
the animal. This was an arbitrary decision based only on the 
assumption that the rates subsequently measul'ed were detej'-
mined at the time of removal. We have assigned, as is usual, 
the time of observed mitotic activity to the time when the 
animal was sacrificed, although the metaphases counted rep-
resent the activity of the tissue dW'ing the preceding 4 Ill'. 
Therefore, the period of metabolic activity recorded on each of 
the graphs only approximately coincides with the period re-
corded for mitotic activity. Nevertheless, it is of interest that 
the peaks of metabolic activity correspond to those for mitotic 
activity. Ignoring changes in cell size, the thickness of the 
epidermis depends on the balance between rates of cell forma-
tion and cell matW'ation and, in general, when mitotic activity 
increases or decreases as a result of experimental or pathologic 
conditions the rate of celJ matUl'a tion (i. e., the transit time for 
the stratum spinosum and granulosum) changes in a similar 
fashion [17,18]. Mechanisms linking the rate of cell matW'ation 
to the rate of cell proliferation appear necessary for homeostasis 
and it has been suggested that the rate at which a cell proceeds 
along the matW'ation pathway to death may be dependent on 
regulating substances which also influence mitosis [17). How-
ever, it is difficult to determine what proportion of the observed 
amino acid incorporation is into basal cells or into suprabasal 
cells. The normal steady state implies that for each cell formed 
by division, 1 cell undergoes the complete metabolic activities 
associated with maturation. For the kel'atinizing epithelium of 
palate [19] the dry weight of granular cells is 5 times greater 
than basaJ cells, indicating that the greater part of epithelial 
protein synthesis is associated with matW'ation. Thus the major 
part of the incorporation of mixed amino acids (Fig 1) is 
probably into maturing cells. 
Autoradiographic studies [12] suggest that 5 times more 
histidine is incorporated into supra basal cells than basal cells. 
If the major pal·t of the incorporation of mixed amino acids and 
of histidine is into suprabasal cells, the results suggest" the 
existence of mechanisms linking rates of epidermal proliferation 
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with rates of epidermal metabolism and hence, indirectly, with 
rates of cell maturation. Bullough [20], Marks [21], and Voor-
hees et al [22] have described mitosis-inhibiting substances that 
block the cell cycle in Gz and this Gz chalone is thought to act 
synergistically with epinephrine [23,24]. The physiologic func-
tion of a G2 block is uncertain and it is conceivable that one 
function of such substances may be to coordinate and control 
the general metabolic and synthetic activities of the epidermis 
as a whole and that the observed effect on mitosis may be 
secondary, possibly, for example, a result of a requirement of 
premitotic cells for establishment of adequate energy reserves 
before entering mitosis. Such effects appear to be of interest 
but further information about the contribution of supra basal 
cells to the observed metabolic diurnal variation is needed 
before they can be accepted. 
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